Microfluidic self-assembly of live Drosophila embryos for versatile high-throughput analysis of embryonic morphogenesis.
A method for assembling Drosophila embryos in a microfluidic device was developed for studies of thermal perturbation of early embryonic development. Environmental perturbation is a complimentary method to injection of membrane-impermeable macromolecules for assaying genetic function and investigating robustness in complex biochemical networks. The development of a high throughput method for perturbing embryos would facilitate the isolation and mapping of signaling pathways. We immobilize Drosophila embryos inside a microfluidic device on minimal potential-energy wells created through surface modification, and thermally perturb these embryos using binary laminar flows of warm and cold solutions. We self-assemble embryos onto oil adhesive pads with an alcohol surfactant carrier fluid (detachment: 0.1 mL/min), and when the surfactant is removed, the embryo-oil adhesion increases to approximately 25 mL/min flow rates, which allows for high velocities required for sharp gradients of thermal binary flows. The microfluidic thermal profile was numerically characterized by simulation and experimentally characterized by fluorescence thermometry. The effects of thermal perturbation were observed to induce abnormal morphogenetic movements in live embryos by using time-lapse differential interference contrast (DIC) microscopy.